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ABSTRACT

The effect of kinship on male reproductive success of
the parasitic wasp, Nasonia vitripennis, was measured by
comparing the success of pairs of brothers with that of
pairs of unrelated males (non-brothers). Success was
determined by the number of females mated in a specified
time.
Pairs of brothers consistently mated more females
than pairs of non-brothers.
The results are discussed in
terms of inclusive fitness in the context of local mate
competition, and several hypotheses of the proximate
mechanism are considered.
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THE EFFECT OF KINSHIP ON REPRODUCTIVE SUCCESS
OF MALE NASONIA VITRIPENNIS
(HYMENOPTERA, PTEROMALIDAE)

INTRODUCTION

Sex determination in most hymenopterans is via
haplodiploidy?

unfertilized eggs develop into haploid

males, fertilized eggs into diploid females (but see
Crozier, 1971).

Therefore, a female's reproductive success

is a composite of number and ratio of her progeny of both
sexes.

Success of a male depends only on the number of

daughters to which he contributes genes (Hamilton, 19 67).
Females of Nasonia vitripennis, a parasitoid wasp, affect
their reproductive success by responding to conditions at
the time of host parasitization.

In particular, they

adjust the sex ratio of their broods in response to host
availability (King, 1962a) and quality (Wylie,1965?

see

Charnov, 1979), degree of superparasitism (Wylie, 19 66?
Holmes, 1972), brood size (Werren, 1980), and number of
conspecifics in the area (Werren, 1983).

Control of the

brood sex ratio is apparently via control of the
fertilization process by muscular control of the
spermathecal duct (King, 1962b).
Several modes of selection have been invoked to
explain unequal, and changeable, sex ratios.

Fisher(1958),

assuming a panmictic population, proposed that parents
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invest equally in both sexes of offspring, generally
implying a 1:1 sex ratio.

In cases of unequal sex ratios,

he noted that members of the rare sex contribute
disproportionately to the next generation.

Accordingly,

increased production of that sex is favored by
freqency-dependent selection until the ratio reaches 1:1.
For isolated, or low-density, populations, Hamilton
(1967) proposed local mate competition (LMC), an extension
of his theory of inclusive fitness (Hamilton, 1964).

Where

a single foundress begins a population, sibmating is very
likely.

Selection favors production of a heavily

female-biased brood, with only enough sons to ensure
fertilization of all daughters, who then disperse to
compete in the general population.

At higher densities

(e.g., multiple foundresses), sibmating is less likely, and
production of a greater proportion of sons is favored.

As

the population approaches panmixia, the 1:1 Fisherian sex
ratio becomes optimum.

Werren (1983), measuring sex ratio

of broods produced by female

vitripennis over a range of

densities, provided quantitative support for Hamilton's
1967 predictions.
While variation in the reproductive behavior of female
Nasonia vitripennis in response to varying social
conditions is well-documented, that of the male is less so.
Theoretical predictions (Hamilton, 1964, 1979) and
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qualitative observations (Assem, Gijswijt, & Nubel, 1980)
on male mating behavior are available, but quantitative
data on male mating success are limited.

Because the male

is not involved in either egg-laying or host-finding, his
success depends primarily on his behavior during mating, as
measured by the number of females he can mate.

Males

emerging in a patch founded by a single female are
brothers, each of whom is likely to mate with several of
his sisters (LMC).

However, at higher population densities

(i.e., multiple foundresses and higher proportion of
males), the average relatedness between males(and females)
in the population is lower, so competition for mates is
more likely to include unrelated males (Hamilton, 19 67).
This work is an attempt to determine whether social
conditions (degree of relationship) affect the reproductive
behavior of the male Nasonia vitripennis.

As a measure of

this, reproductive success (females mated in a specified
time) of pairs of brothers is compared to that of pairs of
unrelated males(non-brothers).

MATERIALS AND METHODS

BIOLOGY AND COURTSHIP OF Nasonia vitripennis
Nasonia vitripennis is a small (2-4mm) parasitoid
wasp, whose biology has been reviewed by Whiting (1967).
Barrass (1960a, 1960b;

1976) has described many elements

of the usual courtship and mating behaviors.

Generally, a

female-biased brood ecloses about two weeks after the
female lays eggs in pupae of any of several species of
blowflies and fleshflies.

Males begin eclosing before the

females and chew a hole in the wall of the host puparium,
then emerge and wait for the females (Whiting, 1967).
Complete emptying of a host pupa requires one to several
hours (King, et al., 1969;
1980).

Assem, Gijswijt, & Nubel,

Females are mated soon after emergence, and, being

fully-winged, disperse.

Males are flightless, so their

dispersal is limited (Whiting, 1967), and they remain
nearby as long as females continue to emerge from the host
(Assem & Jachmann, 1982).

Males live for several days

(King & Hopkings, 1963) and, as hosts may be clumped or
dispersed in nature (Werren, 1983), males may encounter
wasps from their natal host (probably brothers and sisters)
as well as from others in the vicinity (less likely
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related).

Thus, the degree of local mate competition is

variable (Werren, 1983), and may change over the course of
a male's life.

At any time prior to the emergence of

females, one male (not always the same one) is positioned
at the emergence hole, while the others wander about
nearby.

During this time males may touch antennae and

separate, face or chase each other with raised vestigial
wings, and occasionally mount and initiate courtship
behavior (Assem, Gijswijt, & Nubel, 1980;
Bryant, unpubl.

Barrass, 1962;

data).

Courtship of the female, which is generally larger
than the male, begins when a male mounts her posteriorly,
and moves forward until his antennae and mandibles are
between the female's antennae, and his front tarsi are on
either side of her head.

The male repeats a regular cycle

of head movements until the female signals receptivity;

he

then moves caudally to mate (Barrass, 1960a).
Occasionally, a second male mounts and copulates with a
receptive female before the courting male can move back, an
event observed more often in smaller males.

This behavior

has been interpreted variously as cooperative or
competitive (Whiting, 1967;

Orr, 1985).

EXPERIMENTAL RATIONALE
A primary consideration in experimental design was
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elimination of complicating factors and of all variables
except degree of relationship between males.

Reproductive

success was measured to ensure that possible variations in
behavior had some selective advantage.

Experimental males

were smaller than average to increase the likelihood of
double mounting.

Population density affects the number of

males as well as their average relatedness.

To avoid the

confounding effects of density, only pairs of males were
used in all experiments.

Effects due to relatedness were

distinguished from those due to differences between strains
of wasps used by including three treatments in all trials.
Two of the treatments were pairs of brothers from two
separately established wild strains:
in Massachusetts in 1980?
1982.

Fresh Pond, collected

and Heber, collected in Utah in

The third treatment (non-brothers) consisted of one

Fresh Pond male paired with one Heber male.

Confounding

effects of possible assortative mate selection were avoided
by using females from a commercially available laboratory
strain unrelated to either strain of males.

HANDLING AND ISOLATION TECHNIQUES
All wasps used in all experiments were virgins of
comparable age (see Barrass, 1960b) and common experience.
The wasps were anesthesized briefly with C02 to
permit handling and isolation, then allowed a recovery time
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of at least four hours before experimental use.

Males were

taken from all-male broods produced by placing a single
virgin female on a single host.

Males used in the

experiments had emerged from the host less than two hours
prior to isolation.

If males from a given female were used

in a brothers treatment, other males from the same brood
(i.e., their brothers) were used in the non-brothers
treatment.

Females used in the experiments were isolated

as virgins from stock cultures.

EXPERIMENTAL DESIGN
1)

The first series of experiments(referred to below

as "confined mating") was designed to provide ample
opportunity for male-male interaction.

Two females

(scarlet, Carolina Biological Supply Company) were grouped
with two males (either two Heber brothers, two Fresh Pond
brothers, or one Heber with one Fresh Pond (non-brothers))
in a gelatin capsule (.5cc) for six minutes.

After the

allotted time, the wasps were separated and the females
placed individually in vials containing two fresh hosts
(Sarcophaga bullata) .

The two vials containing females

from each mating capsule were stored together, allowing
results from each replicate (mating capsule) to be recorded
individually.

The progeny developed in an incubator at

25+3C under a 15L:9D photocycle and in high humidity,
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eclosing after 12-14 days.

After this period, vials were

examined for the presence of daughters, evidence that
mating had occurred during the experimental trial.

Sixteen

runs, each consisting of 5-25 replicates per treatment,
were performed from June 1984 to February 1985.

Variations

in the number of wasps available resulted in runs of
different size, but within a given run, each treatment had
equal numbers of replicates.
2)A second series of experiments (designated as
"emergence”) was designed to create a less unnatural
situation.

Natural conditions were simulated by having:

presence of a host puparium (see King et al., 1969), active
males interacting prior to emergence of females, a "pupa"
with an emergence hole allowing females out singly, a
female-biased sex ratio, and opportunity for females, mated
or not, to disperse from the immediate vicinity.
To fulfill these requirements, a different technique
and apparatus were necessary.

A small piece of host

puparium, from which females had eclosed, was placed in the
bottom of a glass vial (40cc.).

Two males were then added

to the vial, followed within two minutes by a gelatin
capsule containing 10 females (peach/purple, Carolina
Biological Supply Company).

A one mm.

hole in one end of

the capsule allowed the females to emerge singly, much as
they do from a natural host.

The open end of the vial was
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then covered by a funnel device that allowed easy exit
from, but reduced return to, the vial, a system which
simulated female dispersal away from the natal host
following emergence.

After 3 0 minutes, females were

collected and given hosts, as in the confined mating
design.

As before, vials containing females from a single

replicate (mating apparatus) were stored, and results
recorded separately from those of other replicates.

Since

effect of possible variation in male-male interaction was
the focus of the study, data from replicates in which one
or both males left the bottom of the experimental vial were
not used.

Nine runs, each with 3-5 replicates per

treatment, were performed from January through April 1985.

STATISTICAL ANALYSIS
Statistical analysis first compared the mating success
of the two strains of brothers to each other.

Then, the

two data sets were pooled as a brothers treatment, and
compared to the results of the non-brothers treatment.
probabilities are two-tailed.

All

RESULTS

The results of this study indicate that 1) pairs of
brothers are more successful than pairs of non-brothers and
2) this difference is the result of relatedness and not
differences in the strains used, since the results of the
two sets of brothers were in all cases very similar to one
another.

"CONFINED MATING" EXPERIMENT
When presented with two females for six minutes, pairs
of brothers mated 62% of the total available females, while
non-brothers mated only 56%, a difference significant by
the arcsin test (p=.023, Table 1).

Broods produced by

mated females from all three treatments had similar numbers
of daughters, so brothers, with their greater mating
success, contributed genes to more offspring than
non-brothers.

Table 2 indicates that this disparity in the

success of brothers and non-brothers, though small, is
consistent from run to run (significant by Wilcoxon*s
Signed Rank test, p=.004).

The data in Table 3 present an

unexpected difference between brothers and non-brothers in
the distribution of matings within capsules.
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Brothers
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mated both females in a capsule about half the time, one of
the females 28% of the time, and neither female in 22% of
the replicates.

The respective figures for the

non-brothers treatment were 27% (both), 58% (one), and 15%
(neither).

As in overall mating success, the difference in

distribution was consistent over time (Heterogeneity G
test, pc.001, Table 3).
Approximately 20% of the females produced no progeny,
either from inability to lay eggs or, more likely, poor
condition of the hosts provided.
affected similarly.

All three treatments were

This loss of data accounts for the

different sample sizes in Tables 1 and 3.

Table 1 presents

total number of females producing progeny, while Table 3
reflects only those cases where both females from a single
mating capsule did so.

"EMERGENCE" EXPERIMENT
Because of procedural errors, results from two runs
were considered invalid, and are not reported.

Females

tended to begin emerging from the capsule within about five
minutes after it was placed in the vial.

They generally

emerged singly at about one-minute intervals.

Thus, the

"host pupa" was usually empty about 15 minutes after the
trial began.

Occasionally, a female remained in the

capsule for the entire trial;

these females were not

13

collected or given hosts.
dispersed from the vial;

About 70% of the females
most of the rest were near the

top of, but still in, the vial.

Females which had left the

vial were mated at a frequency similar to those still in
the vial.
artificial)

Both males remained near the host (both real and
in about 85% of the replicates;

these that the data are based.

it is upon

As in the "confined mating"

experiment, about 2 0% of the females produced no progeny,
again probably attributable to faulty hosts.
Results of this series of experiments were similar to
those in the previous experiment.

Pairs of brothers from

either strain had equal success (arcsin probability test,
p==.901, Table4), and were significantly more successful
than non-brothers (p=.001, Table 4).

In addition, the

similarity between brothers, and difference from
non-brothers, is consistent over time (Table 5) and is
observed in individual pairs of males as well (Table 6).
The difference between brothers and non-brothers was almost
twice as great with the "emergence" design as with the
"confined mating" design.
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TABLE 1
Mating success (% females producing daughters) of pairs
of males presented with two females for six minutes.
Data are totals from all runs.
Comarison by probability
arcsin test (Sokal & Rohlf, 1969).
s.e.=std error
Treatment

n=females

H brothers
FP brothers
Non-brothers
Pooled brothers

352
349
356
701

% mated
61.4
62.2
55.6
61.8

s.e.
.58
.55
.56
.37

Comparison
H vs. FP
Brothers
p=.787
Pooled vs. Non
Brothers
p=.023
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TABLE 2
Comparative mating success of pairs of males presented two
females for six minutes.
Data are difference in % females
mated in runs where n>10 in each treatment.
Treatment used
as standard(zero point) chosen arbitrarily.
Comparison by
Wilcoxon Signed Rank test.
LEFT: FP vs. H brothers (std).
RIGHT: Pooled vs. Non-brothers (std).
H (std) vs. FP brothers
Run #
% difference
5

+ 22.35

6

+ 1.00

7
8
9
10
11
13
14
15
16

+ 1.78
+3.11
- 4.00
- 3.75
+ 0.46
- 1.35
+4.13
- 1.14
- 0.21

Totals
these runs
all runs
p = .594

+
+

2.12
0.81

Pooled vs. Non-brothers (std)
Run #
% difference
5
6
7
8
9
10
11
13
14
15
16

+
+
+
+
+
+
+
+
+

5.21
9.95
3.60
8.20
13.33
11.12
8.57
6.26
5.95
6.60
5.50

+
+

5.82
6.15

+

Totals
these runs
all runs
p = .004
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TABLE 3
Distribution of mating capsules in which both (2), one (1) ,
or neither (0) female was mated.
Pairs of males presented
with two females for six minutes.
Data are totals of all
runs.
Heterogeneity G test shows variation from run to run,
and comparison of totals.
Treatment

2

1

0

Heterogeneity

Comparison

H brothers
FP brothers

74
74

44
41

34
35

28.34(p=.549)
17.70(p=.933)

H vs. FP
Brothers
p = .952

Non-brothers
43
Pooled brothersl48

92
85

21
69

26.90(p=.624)
31.03(p=.316)

Pooled vs Non
Brothers
p<.001
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TABLE 4
Mating success pairs of males presented with 10 females for
3 0 minutes.
Data are totals from all runs.
Comparison by
probability arcsin test (Sokal & Rohlf, 1969). s.e.=std error
Treatment

n= females

% mated

s .e.

Comparison
H vs. FP
Brothers
p = .901

H brothers
FP brothers

180
178

76.4
78.1

.45
.47

Non-Brothers
Pooled brothers

168
358

66.1
77.4

.75
.14

Pooled vs. I
Brothers
p=.001
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TABLE 5
Comparative mating success pairs of males presented with 10
females for 3 0 minutes.
Data are difference in % females
mated in each run.
Treatment used as standard (zero point)
chosen arbitrarily.
Comparison by Wilcoxon Signed Rank test.
LEFT: H (std) vs. FP brothers.
RIGHT: Pooled vs. Non
brothers (std).
FP vs. H (std) brothers
Run #
% difference

Pooled vs. Non (std) brothers
Run #
% difference

+ 19.69
+ 2.25

1
2
3 *
4
5
6
7 *
8
9

1.83
+ 12.78
- 0.74
-

- 4.02
— 25.74

Total

+

1.42

+ 12.50
+ 21.75

1
2
3 *
4
5
6
7 *
8
9

-

+ 25.31
+ 6.95
+ 12.28
-

+
—

+ 11.30

Total

p=1.000
* procedural errors; data not reported

3.93
1.51

p=.028
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TABLE 6
Average net mating success (#females mated - #females not
mated) of individual pairs of males presented 10 females for
3 0 minutes.
Data are from each mating apparatus.
Comparison
by Mann-Whitney U test.
Treatment

n=pairs
males

avg. net
success

s.e.

Comparison

H brothers
FP brothers

24
24

4.00
4.17

.500
.420

H v s . FP
Brothers
p=.731

Non-brothers
Pooled brothers

22
48

2.24
4.10

.663
.359

Pooled vs. Non
Brothers
p = .048

DISCUSSION

The results of this study indicate that degree of
relatedness between two male

vitripennis affects their

fitness, as measured by their mating success.

This study

lends quantitative support for the concept of inclusive
fitness (Hamilton, 1964), as modified for isolated
populations (Hamilton, 1967).

Inclusive fitness attempts

to account for traits for which individual selection seems
an inadequate explanation.

Related individuals have

alleles in common, and the closer the relationship, the
higher the probability that 1) a given allele will be
identical by descent or 2) a greater proportion of the
genome is likely to be shared.

For

vitripennis

brothers, this probability is at least 1/2, since the sole
source of their genome is their diploid mother, and
previous inbreeding may increase that probability.

For

non-brothers, the likelihood of allelic dissimilarity is
greater.

Thus, the potential exists for cooperative

behavior to evolve via kin selection.
For a trait to evolve by kin selection, "expression of
that trait by one individual (termed the actor) must affect
the genotypic fitness of one or more other individuals who
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are genetically related to the actor in a nonrandom way at
the loci determining the trait"

(Michod, 1982, p.40).

These traits may be "giving traits" (e.g., cooperation),
with selection favoring giving of aid only to close
relatives, or "taking traits"

(e.g., competition), where

taking only from distantly-related individuals is favored
(Hamilton, 1964).

Game Theory, particularly "The

Prisoner's Dilemma", in which the payoff to a player for a
given behavior depends on what the other player does, is
often employed in recent kinship theory (Axelrod and
Hamilton, 1981), and may be illustrated by facultative
adjustment of reproductive behavior in varying social
conditions.
Refinements in kinship theory have noted additional
considerations.

Evolution of social behaviors requires

nonrandom genotypic distribution of interactions, which is
favored by factors such as kinship recognition and mating
and dispersal systems that tend to move a population away
from panmixia (Michod, 1982).

In addition, cooperation is

more likely to evolve if closely-related interactants have
a high probability of repeated contact.

Finally, traits

governing mating behavior are among those to which kin
selection is most applicable (Axelrod & Hamilton, 1981).
What is known of the biology of Nj_ vitripennis appears
not to conflict with these ecological requirements.

The
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experimental design in this study controlled for
relatedness and tested the fitness interaction (see Michod,
1982) of mating success.

The greater fitness of a male N.

vitripennis when with a brother than when with a
non-brother is difficult to explain by individual
selection.
It appears, then, that the greater success of related
male

vitripennis seen in this study is possibly due, in

part, to:

1) differences in social interactions in the

brothers and non-brothers treatments, 2) differences in the
time required to complete the mating sequence, and 3)
pheromonal effects.

The ability of insects to distinguish

kin, and the importance of this skill, is clear (e.g.,
Barrows, et al., 1975?

Greenbergh, 1979;

Hendry, 1976).

The proximate mechanism for the effect is less clear, and
the rest of the discussion considers several possibilities.

FEMALE RESPONSE HYPOTHESES
One hypothesis, a "female-choice" effect, relies on
female assessment of available males.

In 1L vitripennis,

evidence exists for courting pheromones in both sexes
(Assem, Jachmann, & Simboletti, 1980?

Assem et al., 1981).

White and Grant (1977) showed that olfactory distinctions
exist between strains.

Females taking time to assess

differences between males would delay the mating process.
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Presence of identical males would obviate female
decision-making, and allow mating to occur more quickly.
Or, perhaps, in the brothers treatments,

females would

receive a double dose of the same courting pheromone and
become receptive more quickly.
Similarly, a "pre-stimulation11 effect (Orr, 1985)
could be operating.

According to this hypothesis,

following the mating of the first female, the second would
become even more receptive.

Females have been observed to

assume the receptive posture with little courtship (Assem &
Vernel, 1979;

Assem, Jachmann, & Simboletti, 1980).

In

this study, the possibility of mating was time-limited.
Thus, more rapid female response could account for the
higher success rate of brothers, and the significantly
greater frequency that they mated both females in a mating
capsule ("confined mating" experiment).

In addition, the

greater relative advantage of brothers over non-brothers in
the "emergence" design (compared to "confined mating")
could result from either an enhanced pre-stimulation effect
in later matings, or from an accumulation of independent,
but more rapid matings (female-choice hypothesis).

MALE-MALE INTERACTION HYPOTHESES
A number of considerations, however, make it possible
to interpret the data from this study as a consequence of
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variations in male-male interaction.

To begin with,

several aspects of the biology of N vitripennis may serve
to reduce the relative importance of female response in
varying social conditions.
are present,

When males from only one strain

vitripennis females appear to mate with the

first such male that correctly performs the courtship
ritual(Assem & Vernel, 1979?
noted, in

Assem & Jachmann, 1982).

As

vitripennis, the males emerge before the

females (Whiting, 1967).

Therefore, whether emerging from

an isolated or clumped host, a male's first experience with
other wasps is likely to be with other males, in which case
degree of relatedness might be a cue to the conditions of
his environment.

Another ramification is that, while the

final sex ratio of a brood is female-biased, the realized
sex ratio at or

near an emergence hole is likely to be

male-biased, a condition maintained by dispersal of females
soon after emergence.

Finally, the mandibular pheromone

exuded by males during courtship (Assem et al., 1981) may
bring the male,
(Barrass, 1976).

as well as the female, to receptivity
Thus, interplay between males may be of

importance.
In particular, a male's reproductive success hinges on
his behavior during the mating process.

Alcock (1979), has

reviewed examples of alternative reproductive strategies in
males of several families of wasps.

Although he does not
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make clear in his examples whether the same individual
exhibits more than a single behavior, or if so, whether
relatedness between competing males is a factor, he makes
two relevant points:

that behavioral variation may result

from 1) ecological variation affecting distribution of
competing males and receptive females, and 2) the cost of
competition in some cases favoring a non-competitive
strategy.

The average degree of relatedness between males

is important in determining their interactions (Hamilton
1964, 1979).

Less competition is favored in conditions of

high average relatedness because a male "doesn't care so
much whether he or his brother does the mating,...

and he

doesn't wish to risk that some of his sisters remain
unmated," (Hamilton, 1979, p.177).
Work by Assem, Gijswijt, & Nubel (1980) describes
several types of male-male interactions, and conditions for
them, observed in parasitic wasps (Chalcidoidea), two of
which seem relevant to N vitripennis.

The first, entitled

"In the family", occurs where hosts are dispersed, males
eclose before females, broods are spanandrous, females are
mated upon eclosion, and siblings emerge from a single
host.

Thus relatedness is high, and little or no

competition between males is observed.

The second

situation, "Territorial", is seen with similar conditions,
except that hosts are clustered and population densities
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are medium to high.

Higher sex ratio and lower average

relatedness may be inferred in these conditions (Hamilton,
1967).

Here, males are observed to attack and chase one

another, and compete for, and interfere with, courtship of
females.

These disturbances can increase the time required

for successful mating to the order of minutes instead of
seconds (Assem, Gijswijt, & Nubel, 1980).
Assem, Gijswijt, & Nubel (1980) attribute only the
"territorial" interaction to

vitripennis.

Werren

(1983), however, has observed the conditions described for
the "in the family" male interaction as well, with
concomitant effects on sex ratio of emerging wasps, and
implications for intensity of local mate competition
(Hamilton, 1967).

Thus, given the variable conditions into

which a male might eclose, an inflexible mating strategy
requiring a particular situation for success (e.g., a
specific combination of presence/ absence of brothers/
non-brothers) might actually lower fitness.

That is, even

if a particular situation guarantees success, the
probability of its occurrence might be low.
In light of these considerations, variable male
reproductive behavior as a function of relatedness seems a
reasonable explanation of the results of this study.
Success of males in all treatments in both experimental
designs indicates an ability to mate in varying social
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conditions.

Competitive interaction and/or pheromonal

variation in the non-brothers treatment could have
increased the time required for males to complete
courtship, resulting in lower male success.

Obversely, in

the brothers treatments, active cooperation, lack of
aggression, and/or pheromonal consistency could lead to
greater male readiness and reduced mating time, with
consequently higher success.

Experiments utilizing direct

observations of males are underway.
inconclusive, results (e.g.

Preliminary, but

brothers showing less

aggressive or competitive interaction and greater frequency
of double mounting than non-brothers) indicate support for
this interpretation.
This work, then, has quantitatively related fitness
and kinship.
clarify it.

However, much work is needed to support and
Since the data presented are not from direct

observation, it is not conclusive that the difference in
fitness is a direct consequence of behavioral variation.
Direct observation could also help determine whether female
response or male-male interaction account for the effect.
The specific role of pheromones, and whether kinship is
genetically or environmentally (e.g.

host effect)

determined and assessed also need to be studied.

APPENDICES

Appendix la
Mating Success, Pairs of Males, "Confined Mating"
Totals for All Replicates in a Run
Run #

Heber Brothers

FP Brothers

Non-Brothers

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

6/7
6/7
7/10
7/8
9/15
21/28
25/38
18/35
18/25
11/16
15/24
3/4
19/37
20/38
16/28
15/32

5/7
5/7
11/14
6/10
14/17
19/25
25/37
18/33
17/25
13/20
17/27
1/1
17/34
21/37
14/25
14/30

7/9
5/7
6/10
7/9
12/18
19/29
26/37
17/38
17/30
10/18
13/24
1/2
16/36
19/39
13/26
10/24

Totals

216/352

217/349

198/356
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Appendix lb
Distribution of Mating Capsules
Both, One, Neither Female Mated
Heber Brothers
2
1
0

2

3
4
5
6

7
8
9
10
11
12
13
14
15
16

FP Brothers
2
1
0

Non-Brothers
1
0
2

2
2
3
2
2
8
10
6
6
3
6
1
7
8
5
4

1
1
0
1
4
4
5
4
6
1
3
0
4
3
3
4

0
0
1
0
0
2
2
5
0
1
2
0
6
7
3
3

1
2
4
2
6
6
9
7
6
5
5
0
6
7
4
4

2
0
2
2
1
2
5
4
4
2
5
0
2
4
3
3

0
1
1
1
1
2
3
3
2
2
2
0
5
6
3
4

2
1
1
2
4
4
7
2
3
2
2
0
3
5
3
2

2
2
2
2
3
8
12
12
9
5
6
0
9
9
6
5

0
0
0
0
0
0
0
4
1
0
2
0
4
5
2
3

75

44

34

74

41

35

43

92

21
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Appendix 2a
Mating Success, Pairs of Males, "Emergence"
Number Females Mated Females Producing Progeny
Run

Heber Brothers
2 0/3 0
2 0/2 6

FP Brothers
19/22
19/24

Non-Brothers
15/24
9/16

32/42
13/18
23/29

29/39
17/20
22/28

14/28
18/25
18/27

15/18
15/17

23/29
10/16

20/26
17/22

Totals
138/180
139/178
*Procedural errors ? data not reported

111/168
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Appendix 2b
Mating Success, Single Pairs Males, "Emergence"
Females mated Females Producing Progeny
Heber Brothers
7/9
5/6
4/7
4/8
9/9
4/8
7/9
7/7
7/10
6/10
5/8
7/7
5/6
6/7
2/5
5/7
8/10

5/6
5/6
6/6
4/5
5/7
7/8
8/9

FP Brothers
6/8
6/6
7/8
4/6
8/9
7/9
4/8
8/9
5/6
6/9
6/7
4/5
6/7
7/8
6/8
2/3
8/9
6/8
5/6
5/8
6/7
7/8
3/7
7/9

Non-Brothers
6/8

2/9
7/7
4/8
5/8
6/8
2/8

2/5
4/7
7/9
6/9
5/7
7/10
4/7
7/10
4/5
6/9
5/6
5/6
6/8

5/6
6/8
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